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(57) ABSTRACT 

Data communications device and method for arbitrating 
access to a system memory of the communications device 
via a peripheral component interconnect (PCI) bus in a 
network interface having a memory management unit for 
managing transmit data transfers from the system memory to 
a transmit buffer memory, and receive data transfers from a 
receive buffer memory to the system memory. The memory 
management unit includes an arbitration block having an 
arbiter state machine, which receives requests for access to 
the PCI bus in order to provide the transmission and recep- 
tion of data, descriptors and status information. The arbiter 
state machine grants the PCI bus access to a request having 
a higher priority in accordance with a preset priority scheme. 
The memory management unit has a transmit transfer con- 
trol register and a receive transfer control register containing 
programmable values that limit the maximum number of 
transmit data transfers and receive data transfers allowed 
within a single PCI bus mastership period. Also, the transmit 
and receive transfer control registers contain programmable 
values that limit the number of allowed transmit data trans- 
fers within a single PCI bus mastership period when a 
request for a receive data transfer is asserted, and limit the 
number of allowed receive data transfers in a PCI bus 
mastership period when a request for a transmit data transfer 
is active. The transfer control values in the transmit and 
receive transfer control registers are dynamically pro- 
grammed by a host based on data traffic in the PCI bus. Also, 
the transmit and receive transfer control register values may 
be preprogrammed based on the network interface 
application, for example, whether the network interface is 
used in a network client or network file server. 

24 Claims, 5 Drawing Sheets 
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DATA COMMUNICATIONS DEVICE AND values may be dynamically programmed in accordance with 

ASSOCIATED METHOD FOR ARBITRATING data traffic. Alternatively, the transmit data transfer control 

ACCESS USING DYNAMICALLY values may be preprogrammed in accordance with applica- 

PROGRAMMABLE ARBITRATION SCHEME tion of the communications device, for example, depending 

AND LIMITS ON DATA TRANSFERS 5 on whether the device is a network client or a file server. 

The transmit data transfer control values may include a 

FIELD OF THE INVENTION transmit transfer maximum value that limits the maximum 

The present invention relates to data communications, and number of transmit data transfers in one period of access to 

more particularly, to a system for arbitrating access to a the svste m memory. Also, the transmit data transfer control 

system memory. 10 va ^ ues may include a transmit transfer limit value that limits 

the number of transmit data transfers in one period of access 

BACKGROUND ART to the system memory, when access to the system memory 

L _ . is also requested for providing receive data transfers. 

In a data communications device, buffer memories are ¥ , , _ . . . 

provided between a system memory interface and a media 15 In acc °rdance with another aspect of the invention, the 

interface for temporarily storing data transferred between a mcmor y management circuit may comprise a receive trans- 

system memory and a communications network. In fcr , comro renter having receive data transfer control 

particular, a receive buffer memory accumulates receive data valucs for the number of me receive data 

supplied from the network, before transferring the data to the m ° De P enod of aa *f 5 10 the s ^ m mem ^ b ? the 

system memory, whereas a transmit buffer memory is 20 arbUratlon <™ • rece » ve data transfer -control ^ values 

involved in transferring transmit data from the system may be dynamically programmed m accordance with data 

memory to the network traffic ' or mav be Preprogrammed m accordance with apph- 

, cation of the communications device. 
Conventionally, the receive buffer memory accesses the , . . c . , . . , . 

V . r , . / 4 - The receive data transfer control values may include a 

system memory to transfer receive data, when amount of f . . 4 ' 

' i . « . j . , 4 . . , . . 4 . receive transfer maximum value that limits the maximum 

accumulated receive data exceeds a threshold value estab- 25 , nf A t t „ f . A c 

v u * * ai a * * a: • u or number of receive data transfers m one period of access to 

lished to handle data traffic. The transmit buffer memory t A , , \ A c A , 

tU t . . . , the system memory. Also, the receive data transfer control 

accesses the system memory to retrieve transmit data, when m • i A • * r r % i ,u . r 

., Li l jr j . , . , , a- . . values may include a receive transfer limit value that limits 

available buffer capacity exceeds a threshold level sufficient , u . Ct .a* r- > a c 

r- l I.- .i . ». j . »» , the number of transmit data transfers in one period of access 

for holding the transmit data. However, the receive and t iU . . *u * 

. ,n m to the system memory, when access to the system memory 

transmit buffer memories may request access to the system 30 • , . A c -a- »u . •* a * * c 

„ 4 , A . jl « .... ' is also requested for providing the transmit data transfers, 

memory at the same time. As a result, a collision may occur. T n . ® . . J# 

_ . - , In accordance with a preferred embodiment of the 

Tims, it would be desirable to provide a system for ^^0^ the system memory may te ^ led t0 the receive 

performmg arbitration between receive and transmit buffer and transmit buffer memories via a b such as a p^p^ 

memonesrequestmg access to a system memory at the same component interconnect (PCI) bus. The arbitration circuit 

time ' arbitrates access to the bus. 

Also, it would be desirable to dynamically program the ln acC ordance with a further aspect of the invention, the 

arbitration system in accordance with data traffic conditions, access requests supplied to the arbitration circuit include a 

in order to make a communications system more efficient. transmit data request to read transmit data from the system 

SUMMARY OF THE INVENTION 40 memory to the transmit buffer memory, a receive data 

request to write receive data from the receive buffer memory 

Accordingly, the advantage of the present invention is in to the system memory, a receive descriptor request to read 

providing a system for arbitrating between receive and a receive descriptor from the system memory, a transmit 

transmit buffer memories requesting access to a system descriptor request to read a transmit descriptor from the 

memory. ^ system memory, a receive status request and a transmit 

Another advantage of the present invention is in providing status request to write receive status information and trans- 

an arbitration system which may be dynamically pro- mit status information, respectively, to the system memory, 
grammed in accordance with data traffic conditions. In accordance with another aspect of the invention, the 

These and other advantages of the present invention are receive descriptor request has the highest priority when tile 

achieved at least in part by providing a data communications 50 arbitration circuit provides access arbitration. File transmit 

device coupled to a system memory and having a receive descriptor request has the next priority after the receive 

buffer memory for temporarily storing receive data supplied descriptor request. 

from a communications network, and a transmit buffer In accordance with a further aspect of the invention, the 

memory for temporarily storing transmit data retrieved from receive data request may have priority over the transmit data 

the system memory. A memory management circuit is 55 request when the arbitration circuit provides access arbitra- 

coupled to the receive and transmit buffer memories for tion immediately after reset of the communications device, 
managing transmit data transfers from the system memory to During normal operations, the transmit data request may 

the transmit buffer memory and receive data transfers from have priority over the receive data request if the last access 

the receive buffer memory to the system memory. An to the system memory before performing access arbitration 

arbitration circuit is provided for arbitrating access to the 60 was provided to write the receive data. However, the receive 

system memory in response to access requests. data request may have priority over the transmit data request 

In accordance with one aspect of the present invention, if the last access to the system memory was performed to 

the memory management circuit may comprise a transmit read the transmit data. 

transfer control register having transmit data transfer control In accordance with a method of the present invention the 

values for limiting the number of the transmit data transfers 65 following steps are carried out to arbitrate access to a bus 

in each period of access to the system memory granted by between a system memory and transmit and receive buffer 

the arbitration circuit. The transmit data transfer control memories: 
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providing a transmit data request to access the bus for A control and register (CAR) block 17 is interfaced to the 

reading transmit data from the system memory to the PCI bus interface 16 to allow read and write accesses to 

transmit buffer memory, various registers in the network interface 10. As discussed in 

providing a receive data request to access the bus for more detail later, the CAR block 17 contains a command 

writing receive data from tile receive buffer memory to the 5 register which produces command signals sent to other 

system memory, and blocks of the interface 10 . Also, the CAR block 17 com- 

providing arbitration between the transmit data request P rises re 8 ist f « accessible by the host CPU for read and write 

and the receive data request in accordance with a priority through the PCI bus interface 16. 

scheme r T ne memory portion 18 includes a 16-bit SRAM 18 

Further, the method of the present invention may include 10 implemented directly on the network interface chip 10. 

a step of programming transmit transfer control values for Accordmg o the disclosed embodiment, the SRAM 18 may 

,. . 4 . z. c , • * r „ , . be segmented mto a receive SRAM portion 18a and a 

limiting number of transmit data transfers allowed in one _ _. <OL _ ^/ , 

• j n c . , n c . nf ■ transmit SRAM portion 18b for receive and transmit paths, 

period or access to the bus, and a step or. programming . r r ■ 

receive transfer control values for limiting number of respec ive v - 

receive data transfers allowed in one period of access to the ^ network interface 10 also includes a memory man- 
bus " agement unit (MMU) 24 controlling all transfers of data to 

c* n .u u- 4 a a f«u *• aQ d fr° m tne memory unit 18. The MMU 24 may be 

Still other objects and advantages of the present invention c , £ J . ,> WA . c • _. t^*** 

.„ . J ... , . r i n j • _r configured for managing DMA transfers via the DMA 

will become readily apparent to those skilled in this art from . . f ul mi* , f a ™w * 

c „ j 4 -1 j j • *■ u • i *u interface lob. DMA transfers are managed based on DMA 

the following detailed description, wherein only the pre- 2 o i ■ . .u , c , - J4 , , , ...... 

- , . j* « . • . u j Vj descriptors that specify start address, length, etc. The MMU 

ferred embodiment of the invention is shown and described, . .f. 4 ™_ta j ^ __. * • _ ■ 

, . c . r _, . j < , . j 24 initiates a DMA read from the system memory mto the 

simply by way of illustration of the best mode contemplated AXJt - OL . . . • . 4 . 4 *. ~ WA 

r r ' : ' . . * a . lt . i • j _« transmit SRAM 18o by issuing an instruction to the DMA 

of carrying out the invention. As will be realized, the . , c .... i * • * • . ™™ ■ 

4 . - c t , • j . ' , interface loo. which translates instructions mto PCI bus 

invention is capable of other and different embodiments, and . A1 .„„..., t^waj. _ c c 

, , 4 ., ui r j c cycles. Also, the MMU 24 handles DMAdata transfers from 
its several details are capable of modifications in various 2 5 *C • cn a*a 10 « «u . • *u 
. . . „ ./ tJ 4 . f . 4 . Z3 the receive SRAM 18a to the system memory via the PCI 
obvious respects, all without departmg from the mvention. , ^ TT x . XjfT T ~ A J 4 . , * 
a j • i . « % j j • * • . u ] j bus 12. Hence, the MMLJ 24 contams descnptor manage- 
Accordingly, the drawings and description are to be regarded . r l-IWA * C 11 • . • . J ..L 
.„ . t ^ j r , . 4 . & ment for DMA transfers, as well as pomters associated with 
as illustrative in nature, and not as restrictive. . , , ' r . r ^. ^ 0 

stonng and readmg data from the memory buffer portion 18. 

BRIEF DESCRIPTION OF DRAWINGS 3 network interface portion 20 includes a media access 

0 control (MAC) core 26, a general purpose serial interface 

FIGS.1A and IB show a block diagram of an exemplary ( G psi) 28, a media independent interface (Mil) 30 for 

network interface, in which the present invention may be connecting to an external 10 Mb/s or 100 Mb/s physical 

implemented. transceiver (PHY), an external address detection interface 

™™ . „™ „ » , , r ,^ T _ „ (EADI) 32, an attachment unit interface (AUI) 34 having a 

BEST MODE FOR CARRYING-OUT THE 35 ^ anch ; ester encodef and decoder> and a ^ /100 ; Mb /s twisfed 

INVENTION pair transce i ver r^^ attachment unit (MAU) 36. 

Although the invention has general applicability in the The network interface 10 also includes a network port 

field of data processing, the best mode for practicing the manager 38 configured for performing Mil handshaking 

invention is based in part on the realization of a network 40 between two devices on an Mil bus via the Mil poll 30. Such 

interface in a packet switched network, Such as an Ethernet Mil handshaking is performed in accordance with the IEEE 

(IEEE 802.3) network. 802.3 protocols, and may include link and programming 

FIG. 1 is a block diagram of an exemplary duty commu- information exchange at the Mil layer using a management 

nications device such as a network interface 10 that accesses data clock (MDQ, and management data input/output 

the media of an Ethernet (ANSI/IEEE 802,3) network. The 45 (MDIO) paths defined in the IEEE 802.3 standard, 

network interface 10, preferably, a single-chip, 32-bit Eth- The auto-negotiation portion 40 performs IEEE- 

ernet controller, provides an interface between a local bus 12 compliant negotiation with a link partner on the PHY layer 

of a computer, for example a peripheral component inter- t0 exchange data indicating whether the link partner is 

connect (PCI) local bus, and an Ethernet-based media 50. capable of operating at 10 Mb/s. 100 Mb/s, and whether the 

The interface 10 includes a PCI bus interface unit (BIU) 50 hnk should be half-duplex or full-duplex. 
16, a buffer memory portion 18, and a network interface Tne electrically erasable programmable read only 
portion 20. The PCI bus interface unit 16 may provide an memory (EEPROM) interface 42 connects to an EEPROM 
interface with an external central processing unit (CPU) or on eilh er a network interface adapter card or the mother- 
other host via the PCI local bus. The PCI bus interface unit board of the host computer via a serial interface link. The 
16 may include a PCI slave interface 16a and a direct 55 EEPROM (not shown in FIG. 1) may be programmed with 
memory access (DMA) interface 166. The slave interface configuration information related to the network interface, 
16a manages PCI control and status information including enabling the network interface to be configured during 
reading and programming of the PCI status registers, and is initialization via the EEPROM interface 42. Once 
configured for managing slave transfers via the PCI bus with initialized, the network interface stores the configuration 
a host CPU. The DMA interface 16b manages DMA trans- 60 information in internal registers (not shown), enabling the 
fers by the network interface 10 to and from a system network interface to operate independently of the host 
memory coupled to the PCI bus 12. Hence, the PCI bus computer in the event the host computer is powered down, 
interface unit 16 can be selectively configured for PCI The LED controller 44 selectively controls the generation 
transfers in slave and/or master (e.g., DMA) mode. In of LED output signals based upon the internal decoding 
accordance with the PCI local bus specification, revision 65 logic and network interface status registers (not shown). 
2.1, the PQ bus interface unit 16 has a 32-bit address/data FIG. 2 schematically shows the arrangement of the 
bus AD[31:0] for providing address and data transfers. memory management unit (MMU) 24 in the network inter- 
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face 10. The MMU 24 is coupled between the bus interface indicate an address buffer in the system memory 52 to be 

unit (BIU) 16 and the MAC core 26, and is connected to the used for writing receive data, the length of the buffer and 

receive SRAM portion l&a and the transmit SRAM 18b. A control information for managing receive data. Once a 

system memory 52 may be coupled to the BIU 16 via the transmit or receive descriptor is used by the MMU 24, 

PCI bus 12. The MAC core 26 provides interface to a 5 transmit or receive status information is written to the 

network 54, such as an Ethernet local area network. To system memory 52 to return ownership of the corresponding 

support data transmission to the network 54, the MMU 24 descriptor to the host. 

manages the flow of transmit data from the system memory To P reveflt collisions between various requests for PCI 

52 via the BIU 16 to the transmit SRAM portion 18b, and bus access » the arbitration block 114 arbitrates between 

from the transmit SRAM portion 18* to the MAC core 26. 10 r f < l ues,s representing the transmission and reception of data, 

To provide the reception of data from the network 54, the descriptor and status information. In particular, the arbiter 

MMU 24 handles the flow of receive data from the network !!f ™^ne 120 t ^f 1VCS f>* 

54 via the MAC core 26 to the receive SRAM portion 18., ^T?j^^ 

. f on a** 1D ( ' the system memory 52, and a receive data request signal 

and from , the receive SRAM portion 18a to the system RX_D ATA_REQ that requests to write receivedata to the 

memory 52, via the BIU 16. 15 system memofy 52 ^ tfae ^ machine 120 

Referring to FIG. 3, the MMU 24 may comprise a bus receives a transmit descriptor request signal TX_DESC_ 

transmission block (XB_MMU) 102, a MAC transmission REQ and a receive descriptor request signal RX_DESQ_ 

block (XM_MMU) 104, a bus reception block (RB_MMU) REQ that respectively request reading transmit and receive 

106, a MAC reception block (RM_MMU) 108, a synchro- descriptors from the system memory 52. A transmit status 

nizing block (SYNC) 110, a descriptor management block 20 request signal TX_S_REQ and a receive status request 

112, and an arbitration block 114. The bus transmission signal RX_S_REQ are supplied to the arbiter state machine 

block 102 manages DMA transfers of transmit data from the 120 to request writing transmit and receive status 

BIU 16 to the transmit SRAM portion 186 to support data information, respectively, to the system memory 52. For 

transmission from the system memory 52 to network 54. The example, the request signals may be supplied from the 

MAC transmission block 104 handles data transfers from the 25 descriptor management block 112. 

transmit SRAM portion 18b to the MAC core 26, which If the rec l uest si g nals are supplied at the same time, the 

transmits data to the network 54. arbitration block 114 performs arbitration between them in 

wa^ ^ i_i i mo i c c accordance with a preset priority scheme, and grants access 

The MAC reception block 108 controls transfers of tQ the pa bus u on] (Q one f si , ^ en me pc , 

receive data from the MAC core 26 to the receive SRAM bus access fc granted> the ^bUnHon block 114 produces a 

portion 18a to provide data reception from the network 54. gfam signal that the requested system memory 0 era . 

pe bus reception block 106 manages DMA data transfers tion t0 be performed. For example, when the PCI bus access 

from the receive SRAM portion 18a to the BIU 16, to place ^ granted in response t0 the T _ DArA _REQ signal, the 

received data to the system memory 52. arbiler state machine 12 o issues a transmit data grant signal 

The synchronizing block 110 is used to synchronize 35 TX_DATA_GNT sent to the XB_MMU 102 to enable 
activities of blocks 102, 104, 106 and 108. The descriptor reading transmit data from the system memory 52. A receive 
management block 112 manages the transmission and recep- data grant signal RX_DATA_GNT is issued in response to 
tion of descriptor lists and status lists. Finally, the arbitration the RX_DATA_REQ signal to allow the RB_MMU 106 to 
block 114 arbitrates DMA requests for data transmission, write receive data to the system memory 52. In response to 
data reception, descriptor lists and status. The network 4Q the TX_DESC_REQ and RX_DESC_REQ signals, trans- 
interface 10 acts as a PCI bus master when the system in m it and receive descriptor grant signals TX_DESC_GNT 
memory 52 is accessed. Thus, the arbitration block 114 and RX_DESC_GNT, respectively, are produced to enable 
provides arbitration between various requests to access the fetching transmit and receive descriptors from the system 
PCI bus 12 in order to perform a required system memory memory 52. Finally, in response to the TX_S_REQ and 
operation. 45 RX__S_REQ signals, transmit and receive status grant 

Referring to FIG. 4, the arbitration block 114 comprises signals TX_S_GNT and RS_S_GNT, respectively, are 

an arbiter state machine 120 and an arbiter control unit 122. issued to allow transmit and receive status information to be 

The arbiter state machine 120 receives request signals written to the system memory 52. 

requesting access to the PCI bus 12 to perform write or read The arbitration block 114 makes a decision to grant any of 

transfer operations to or from the system memory 52. In 50 the requests based on priority assigned to the request signals, 

response to the request signals, the arbiter state machine 120 For example, if multiple requests are active simultaneously, 

produces grant signals to allow only one requesting entity to the highest priority may be given to the RX_DESC_REQ 

access the system memory 52 at any given time period. The signal requesting access to the PCI bus 12 to read a receive 

arbiter control unit 122 controls the arbiter state machine descriptor from the system memory 52, in order to support 

operations. 55 a data receive operation. The second priority may be 

The PCI bus 12 may be used to provide transfers of data, assigned to the TX_DESC__REQ signal requesting PCI bus 

descriptors or status information between the network inter- access to fetch a transmit descriptor from the system 

face 10 and the system memory 52. In particular, the PCI bus memory 52, for supporting a data transmit operation. 

12 may supply receive data from the receive SRAM portion Immediately after reset of the network interface 10, the 

18a to the system memory 52, and read transmit data from 60 RX_DATA_REQ signal may have priority over the 

the system memory 52 to the transmit SRAM portion 186. TX_DATA__REQ signal. Such a priority arrangement 

Further, the PCI bus 12 may be used for fetching a transmit makes network interface operations more efficient because 

and receive status information to the system memory 52. the MMU 24 is enabled to get access to the PCI bus for 

For example, the transmit descriptor may indicate a start writing receive data to the system memory 52, before 

address of transmit data in the system memory 52, length of 65 reading transmit data from the system memory 52. 

transmit data and control information required by the MMU In normal operations, when the RX _JDAEA_REQ and 

24 handling transmit data. The receive descriptor may TX_DATA_REQ request signals are active at the same 
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time, priority may be given to a request for a PCI operation TX_XFR_RX_WAIT values so as to optimize the ratio 

that was not performed last. For example, if the between a time interval allocated for data transmission and 

RX_DATA_REQ and TX_DATA_REQ signals are active a time interval allocated for data reception, 

simultaneously and the last PCI bus access before the access The maximum number of transmit data transfers allowed 

arbitration was performed for writing receive data to the 5 within a single PCI bus mastership period is limited by the 

system memory 52, the TX_DATA_REQ signal may have smaller of the programmed values TX_MAX_XFR and 

priority over the RX_DATA__REQ signal. However, if the TX_XFR_RX_WAI T. 

last PCI bus access was performed for reading transmit data ^ receive transfer control ^ contain a recdve 

from the system memory 52, the RX_DATA_REQ signal transfer maximum value RX _MAX_XFR and a receive 

will have priority over the TX_DATA_REQ signal. 10 trans f er limit value RX_XFR_TX_WAIT. The 

If a complete buffer in the system memory 52 is read RX_MAX_XFR value limits the number of receive data 

when transmit data is being fetched from the system transfers which may be executed by the network interface 10 

memory 52, the arbitration block 114 waits for the TX_S_ within a single PCI bus mastership period, when receive data 

REQ signal and gives priority to this signal over any other are being written to the system memory 52. For example, 

request. Similarly, if a complete buffer in the system *5 each receive data transfer may contain one double word 

memory 52 is full when receive data is being written to the equal to 4 bytes. 

2S te « ^ Fy - 52 \ the J arbilralion b ! ock 114 waits for the Ifthenumberofreceivedatatransfersrequiredduringone 

RX_S REQ signal and gives priority to this signal over pa bus access graQted by the arbitration block 114 greater 

any other request. lhan lhe rx_MAX_XFR value, the number of receive data 

The MMU 24 may comprise transmit and receive transfer 20 transfers allowed for the network interface 10 is equal to the 

control registers containing transmit and receive transfer RX_JvtAX_XFR value. If the number of required transmit 

control values that limit the maximum number of bytes data transfers is less than or equal to the RX„MAX_XFR 

allowed to be transferred to or from the system memory value, the network interface 10 carries out all of the required 

within a single PCI bus mastership period when the arbi- receive data transfers. 

tration block H4grants PCI bus access to the RX_DATA_ ^ ^ RX _XFR_TX_WAIT value limits the number of 

REQ signal or TX__DATA__REQ signal. transmit data transfers which may be carried out by the 

The transmit transfer control register may contain a network interface 10 within a single PCI bus mastership 

transmit transfer maximum value TX_MAX_XFR and a period, if transmit data DMA unit is waiting for access to the 

transmit transfer limit value TX_XFR„RX„WAIT. The ^ system memory 52. Thus, the RX_XFR_TX_WAIT value 

TX_MAX — XFR value limits the number of transmit data limits the number of receive data transfers, when the 

transfers which may be executed by the network interface 10 RX_DATA_REQ signal requesting receive data transfer is 

within a single PCI bus mastership period, when transmit asserted simultaneously with the TX__DATA_REQ signal 

data are being read from the system memory 52. For requesting transmit data transfer. 

example, each transmit data transfer may contain one double ^ When lhe RX_DATA_REQ and TX_DATA_REQ sig- 

word equal to 4 bytes. nals are active at me same ^me, the arbitration block 114 

If the number of transmit data transfers required during grants PCI bus access to one of these requests based on a 

one PCI bus access granted by the arbitration block 114 is preset priority scheme. If the request for receive data transfer 

greater than the TX_MAX__XFR value, the number of has priority over the request for transmit data transfer, the 

transmit data transfers allowed for the network interface 10 ^ allowed number of receive data transfers is limited to the 

is equal to the TX_MAX_XFR value. If the number of RX_XFR__TX_WAIT value. As a result, a waiting period 

required transmit data transfers is less than or equal to the for transmit data may be controlled. 

TX_MAX_XFR value, tile network interface 10 carries out The RX_MAX_XFR and RX_XFR__TX_WAIT may 

all of the required transmit data transfers. be dynamically programmed by the CPU in accordance with 

The TX_XFR_RX__WA1 T value limits the number of 45 the current data traffic. The maximum number of receive 

transmit data transfers which may be carried out by the data transfers allowed within a single PCI bus mastership 

network interface 10 within a single PCI bus mastership period is limited by the smaller of the programmed values 

period, if receive data DMA unit is waiting for access to the RX_MAX_XFR and RX_XFR_TX_WAIT. 

system memory 52. Thus, the TX_XFR_RX_WA1T value The transfer control values in the transmit and receive 

limits the number of transmit data transfers, when the 50 transfer control registers may be programmed based on the 

RX_DATA_REQ signal requesting receive data transfer is application of the network interface 10. For example, if the 

asserted simultaneously with the TX_DATA_REQ signal network interface 10 is used in a file server, a time interval 

requesting transmit data transfer. allocated for data transmission should substantially exceed a 

As discussed above, when the RX__DATA_REQ and time interval allocated for data reception. Therefore, the 

TX_DATA_REQ signals are active at the same time, the 55 transfer control values in the transmit and receive transfer 

arbitration block 114 grants PCI bus access to one of these control registers may be programmed so as to make the 

requests based on a preset priority scheme. If the request for maximum allowed number of transmit data transfers within 

transmit data transfer has priority over the request for a single PCI bus mastership period substantially greater than 

receive data transfer, the allowed number of transmit data the maximum allowed number of receive data transfers in a 

transfers within a single PCI bus mastership period is limited 60 PCI bus mastership period. 

to the TX_XFR_RX_WAIT value. As a result, a waiting By contrast, if the network interface 10 is used in a 

period for receive data may be controlled to prevent the network client, a time interval allocated for data reception 

overflow of the receive SRAM 18a. should be substantially greater than a time interval allocated 

The TX_MAX_XFR and TX_XFR_RX_WAIT may for data transmission. Thus, the CPU may program the 

be dynamically programmed by the CPU in accordance with 65 transfer control values in the transmit and receive transfer 

the current data traffic via the PCI bus. The CPU may control registers so as to increase the maximum allowed 

monitor the data traffic to change the TX_MAX_XFR and number of receive data transfers within a single PCI bus 
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mastership period, and reduce the maximum allowed num- value that limits the maximum number of transmit data 

ber of transmit data transfers within a PCI bus mastership transfers in one period of access to said system memory, 

period. 5. The device of claim 4, wherein said transmit data 

There accordingly has been described a system for arbi- transfer control values further include a transmit transfer 

trating access to a system memory via a PCI bus in a network 5 limit value that limits the number of transmit data transfers 

interface having a memory management unit for managing in one period of access to said system memory, when access 

transmit data transfers from the system memory to a transmit to said system memory is also requested for providing the 

buffer memory, and receive data transfers from a receive receive data transfers. 

buffer memory to the system memory. The memory man- 6. The device of claims 1, wherein said system memory 

agement unit includes an arbitration block having an arbiter 1Q is coupled to said receive and transmit buffer memories via 

state machine, which receives requests for access to the PCI a bus. 

bus in order to provide the transmission and reception of 7. The device of claim 6, wherein said arbitration circuit 

data, descriptors and status information. The arbiter state arbitrates access to said bus. 

machine grants PCI bus access to a request having a higher 8. The device of claim 6, wherein said bus includes a 

priority in accordance with a preset priority scheme. The peripheral component interconnect (PCI) bus for providing 

memory management unit has a transmit transfer control 15 transmit data transfers and receive data transfers between 

register and a receive transfer control register containing sa r d system memory and said transmit and receive buffer 

programmable values that limit the maximum number of memories. 

transmit data transfers and receive data transfers allowed 9 - ^ device of claim r » whe rein said access requests 

within a single PCI bus mastership period. Also, the transmit ™?\ ude a transmit data re< ? uest to read t £ ansmit data 60111 

and receive transfer control registers contain programmable 20 said system memory to said transmit buffer memory. 

values that limit the number of allowed transmit data trans- fi ^ ™ e * vlce of claiD J »• wherein said access requests 

fers within a single PCI bus mastership period when a ^ "l clude a T ? C ™ data re ^ eS t0 H Writ , e receiVe dala 

- . j ♦ 4 c .a a \ m •* *u fr° m said receive buffer memory to said system memory, 

request for a receive data transfer is asserted, and hmit the u ^ deyice of ^ 10 / whcrein / aid receive d J ta 

number of allowed receive data transfers m a PCI bus request has pdod{y over said transmil dala ^ whefl 

mastership period when a request for a transmit data transfer said arbitralion circuit prov ides access arbitration immedi- 

is active. The transfer control values in the transmit and ately after reset of ^ data communications device. 

receive transfer control registers are dynamically pro- 12 . The device of claim 10, wherein said transmit data 

grammedby a host based on data traffic in the PCI bus. Also, request has priority over said receive data request if last 

the transmit and receive transfer control register values may access to said system memory was performed to write the 

be preprogrammed based on tile network interface 30 receive data. 

application, for example, whether the network interface is 13. The device of claim 12, wherein said receive data 

used in a network client or a network file server. request has priority over said transmit data request if last 

In this disclosure, there are shown and described only the access to said system memory was performed to read the 

preferred embodiments of the invention, but it is to be 35 transmit data. 

understood that the invention is capable of changes and 14. The device of claim 10, wherein said access requests 

modifications within the scope of the inventive concept as further include a receive descriptor request to read a receive 

expressed herein. descriptor from said system memory, and a transmit descrip- 

What is claimed is: tor request to read a transmit descriptor from said system 

1. A data communications device coupled to a system 4Q memory. 

memory, comprising: 15. The device of claim 14, wherein said access requests 

a receive buffer memory for temporarily storing receive further include a receive status request and a transmit status 

data supplied from a communications network for request to write receive status information and transmit 

transferring to the system memory, status information, respectively, to said system memory, 

a transmit buffer memory for temporarily storing transmit 45 T° e device of claim 15, wherein said receive descrip- 

data retrieved from the system memory for transmitting lor request has highest priority when said arbitration circuit 

to the communications network, provides access arbitration, 

a memory management unit coupled to said receive and 17 ' ^ device of c,aim 16 ' wherein said transmit descrip- 

transmit buffer memories for managing transmit data tor request has next priority after said receive descriptor 

transfers from the system memory to the transmit buffer 50 request. 

memory and receive data transfers from the receive 18 A dala communications device coupled to a system 

buffer memory to the system memory, and memory, comprising: 

an arbitration circuit responsive to access requests for a receive buffer memor y for temporarily storing receive 

arbitrating access to said system memory, data supplied from a communications network for 

said memory management unit being configured for stor- 55 transferring to the system memory, 

ing transmit data transfer control values for limiting the a transmit buffer memory for temporarily storing transmit 

number of transmit data transfers in one period of data retrieved from the system memory for transmitting 

access to said system memory granted by said arbitra- t0 the communications network, 

tion circuit. a memory management unit coupled to said receive and 

2. The device of claim 1, wherein said transmit data 60 transmit buffer memories for managing transmit data 
transfer control values are dynamically programmed in transfers from the system memory to the transmit buffer 
accordance with data traffic. memory and receive data transfers from the receive 

3. The device of claim 1, wherein said transmit data buffer memory to the system memory, and 

transfer control values are preprogrammed in accordance an arbitration circuit responsive to access requests for 

with an application of said data communications device. 65 arbitrating access to said system memory, 

4. The device of claim 1, wherein said transmit data said memory management unit being configured for stor- 
transfer control values include a transmit transfer maximum ing receive data transfer control values for limiting the 
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number of receive data transfers in one period of access 
to said system memory granted by said arbitration 
circuit. 

19. The device of claim 18, wherein said receive data 
transfer control values are dynamically programmed in 5 
accordance with data traffic. 

20. The device of claim 18, wherein said receive data 
transfer control values are preprogrammed in accordance 
with an application of said data communications device. 

21. The device of claim 18, wherein said receive data 10 
transfer control values include a receive transfer maximum 
value that limits the maximum number of receive data 
transfers in one period of access to said system memory. 

22. The device of claim 21, wherein said receive data 
transfer control values further include a receive transfer limit 1 5 
value that limits the number of receive data transfers in one 
period of access to said system memory, when access to said 
system memory is also requested for providing the transmit 
data transfers. 

23. In a data communications device coupled to a system 20 
memory via a bus and having transmit and receive buffer 
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memories, a method of arbitrating access to said bus com- 
prising the steps of: 

providing a transmit data request to access said bus for 
reading transmit data from the system memory to the 
transmit buffer memory, 
providing a receive data request to access said bus for 
writing receive data from the receive buffer memory to 
the system memory, 
providing arbitration between the transmit data request 
and the receive data request in accordance with a 
priority scheme, and 
programming transmit transfer control values for limiting 
the number of transmit data transfers allowed in one 
period of access to said bus. 
24. The method of claim 23, further comprising a step of 
programming receive transfer control values for limiting the 
number of receive data transfers allowed in one period of 
access to said bus. 

* * * * * 
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